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(54) Tyre cord 

(57) A tyre cord (1) which is improved in penetration 
of rubber into the cord and fatigue resistance without 
increasing the diameter of the cord. The tyre cord (1) 
comprises a core (3) and an inner sheath (5), the core 
(3) consisting of three steel filaments (2) twisted togeth- 
er, the inner sheath (5) consisting of seven to nine steel 
filaments (4) twisted around the core (3) in the same di- 


rection as the core twist, the twist pitch length of the in- 
ner sheath (5) being in the range of from 1.05 to 1.50 
times the twist pitch length of the core (3), the diameter 
(DC) of the core filaments (2) being in the range of from 
0.8 to 1.0 times the diameter (DS.DS1) of the inner 
sheath filaments (4). 
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Description 

The present invention relates to a tyre cord, which is improved in allowing penetration of rubber into the cord and 
in fatigue resistance without increasing the diameter of the cord. 

For a steel cord for used in a tyre, the following are very important. 

(1) To minimise the cord diameter 

In order to reduce the weight of a tyre, the thickness of the cord reinforced layers, e.g. the carcass, belt, bead filler 
and the like must be minimised, and accordingly it is necessary to decrease the cord diameter. 

(2) To increase the cord strength 

If the strength of a cord is made high although the diameter of the cord is small, tyre weight reduction can be further 
improved. 

(3) To improve the production efficiency 

If the cord structure is simpler, the production cost is lower. 

(4) To improve the stability of the twist structure 

In order to improve rubber penetration, a cord made of a waved filament and a straight filament has been proposed. 
However, as the waved filament is longer than the straight filament, the load concentrates on the straight filament, and 
the cord strength often decreases. 

(5) To improve fatigue resistance 

If fretting of the elementary steel filaments is caused during use, the strength of a steel cord is decreased. Inci- 
dentally, fretting is a phenomenon where the directly contacting filaments are abraded by repeated relative movements 
therebetween. 

In the order of a regular twist cord, a layer twist cord and a bunched twist cord, fretting becomes small, and therefore, 
the fatigue resistance becomes high. 

(6) To improve penetration of rubber into the cord 

If a steel cord has a space extending in the longitudinal direction of the cord not filled with rubber compound, 
moisture transfers through the space, and the steel filaments are liable to rust. 

Here, a regular twist cord is the one made of strands twisted together in one direction, each strand consisting of 
filaments twisted together in the opposite direction. A layer twist cord is one made of a core consisting of filaments or 
strands twisted together in one direction, and a sheath comprising filaments or strands twisted around the core in the 
opposite direction. In general, the twist pitch length of the sheath is about 1 .6 to 2.3 times the twist pitch length of the 
core. 

A bunched twist cord is one made of a number of filaments twisted in the same direction and a wrapping wire 
wound in the opposite direction. 

The bunched twist cord is able to satisfy the above-mentioned requirements (1)-(5), but is inferior in the rubber 
penetration - Requirement (6). 

It is therefore, an object of the present invention to provide a tyre cord which is improved in rubber penetration 
while satisfying the above-mentioned requirements (1)-(5). 

According to one aspect of the present invention, a tyre cord comprises a core and a sheath, wherein the core 
consists of three steel filaments twisted together, the sheath comprising seven to nine steel filaments twisted around 
the core in the same direction as the twist of the core, the twist pitch length of the sheath being in the range of from 
1.05 to 1 .50 times the twist pitch length of the core, and the diameter of the core filaments being in the range of from 
0.8 to 1 .0 times the diameter of the sheath filaments. 

Preferably, there is no wrapping wire outside the sheath. 

Embodiments of the present invention will now be described in detail in conjunction with the accompanying draw- 
ings. 
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Fig. 1 is a schematic plan view of an embodiment of the present invention; 
Fig.2 is a cross sectional view thereof; 

Fig. 3 shows cross sectional views thereof taken at different positions in the longitudinal direction of the cord to 
show the shift of the sheath filaments relative to the core filaments; 
5 Fig. 4 is a schematic plan view of another embodiment of the present inv ntion; 

Fig. 5 is a cross sectional view thereof; 

Fig.6 is a schematic perspective view showing a cord reinforced rubber layer used in a tyre; 

Fig.7 is a diagram for explaining a test method of measuring the pull-out resistance of the core; and 

Fig.8 shows ranks (A)-(E) of fretting. 
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In Figs.1-3, a tyre cord 1 according to the present invention comprises a core 3 consisting of three core filaments 
2 twisted together and a sheath 5 consisting of seven to nine sheath filaments 4 twisted around the core 3. 
Each of the core filaments 2 and sheath filaments 4 is a single steel filament or wire made by drawing. 
The diameter DC of the core filaments 2 is in the range of from 0.8 to 1 .0 times the diameter DS of the sheath 
is filaments 4. 

The diameters DC and DS are in the range of from 0.20 to 0.40 mm. 

In the example shown in Figs.1 and 2, the diameter DC is equal to the diameter DS, and the sheath 5 is made of 
nine sheath filaments 4. The sheath filaments 4 in the cord are the same length. A wrapping wire is not provided. 
The twist direction of the sheath filaments is the same as the twist direction of the core filaments 2. 
20 The twist pitch length PS of the sheath 5 is in the range of from 1 .05 to 1 .50 times the twist pitch length PC of the 

core 3. 

Between the twist pitch length PS and the twist pitch length PC, a small difference is provided. Therefore, the 
sheath 5 rotates relative to the core 3 along the longitudinal direction of the cord. Accordingly, as shown in Fig.3, 
between stable portions (A) and (D), unstable portions (C)-(D) are formed at regular intervals. 
25 In the stable portions as shown in Fig.2 and (A and D) in Fig.3, the core filaments 2 and the sheath filaments 4 

are compactly bundled to form a structure very close to a bundled twist cord. Therefore, the diameter of the cord is 
minimised, and the strength per diameter is improved. As a result, the cord count in a tyre reinforcing layer can be 
decreased and the tyre weight can be reduced. 

In the unstable portions, gaps G through which topping rubber penetrates into the cord are formed, and rubber 
30 penetration is improved to shut off the spaces between the filaments from the spread of moisture. Therefore, the steel 
filaments can be prevented from being rusted. Further, the adhesion between the core and sheath is improved to 
prevent the core from coming out the sheath and therefore, the durability of the cord can be improved. 

Also, as the twist pitch length PS of the sheath 5 and the twist pitch length PC of the core 5 satisfy the above- 
mentioned limitation, the sheath filaments 4 and core filaments 2 in the cord have the almost same length, and the 
35 load is evenly distributed to all the filaments. Therefore, the breaking strength of the cord is further improved. Finally, 
as the cord structure is very simple, the structural stability, and production efficiency and cost can be improved. 

If the twist pitch length of the sheath is less than 1.05 times the twist pitch length of the core, the cord breaking 
strength decreases. If more than 1 .50 times, the fatigue resistance is deteriorated. 

If the diameter of the core filaments is more than 1.0 times the diameter of the sheath filaments, the cord weight 
40 per cord diameter increases. If the diameter of the core filaments is less than 0.8 times the diameter of the sheath 
filaments, fretting is liable to occur on the core filaments to decrease the fatigue resistance of the cord, and the cord 
strength remarkably decreases. 

When no wrapping wire is provided, fretting caused by the wrapping wire is prevented and the durability of the 
cord can be further improved. 

45 In Figs.4 and 5 showing another embodiment of the present invention, the tyre cord 1 comprises the core 3 con- 

sisting of three core filaments 2 twisted together, the sheath 5 as an inner sheath consisting of seven to nine inner 
sheath filaments 4 twisted around the core 3, and an outer sheath 7 consisting of twelve to fifteen outer sheath filaments 
6 twisted around the inner sheath 5. That is, the outer sheath is added to the basic structure in the former embodiment. 
Each of the core filaments 2 and the inner and outer sheath filaments 4 and 6 is a single steel filament or wire 

50 made by drawing. 

The diameter DC of the core filaments 2 is in the range of from 0.8 to 1 .0 time the diameter DS1 of the inner sheath 
filaments 4. 

The diameter DS1 of the inner sheath filaments 4 is the same as the diameter DS2 of the outer sheath filaments 6. 

The diameters DC, DS1 and DS2 are in the range of from 0.20 to 0.40 mm. 
55 in this embodiment, the inner sheath 5 is composed of nine filaments 4, and the outer sheath 7 is composed of 

fifteen filaments 6. The diameter of the core filaments DC is the same as the diameters DS1 and DS2 of the inner and 
outer sheath filaments 4 and 6. No wrapping wire is provided. 

The core filaments 2, the inner sheath filaments 4, and the outer sheath filaments 6 are twisted in the same direction. 
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The twist pitch length P2 of the inner sheath 5 is in the range of from 1 .05 to 1 .50 times the twist pitch length P1 
of the core 3 as explained above. 

The twist pitch length P3 of the outer sheath 7 is in the range of from 1 .05 to 1 .50 times the twist pitch length P2 
of the inner sheath 5. 

5 As a small difference in twist pitch is provided between the core and the inner sheath and b tween the inn r sheath 

and outer sheath, the inner sheath 5 rotates relative to the core 3 as explained above, and also, the outer sheath 7 
rotates relative to the inner sheath 5. 

Accordingly, in the same manner as the former embodiment, the cord arrangement is changed from a stable state 
to another stable state through an unstable state. In the stable portions, the filaments are compactly bundled to form 
io a structure very close to a bundled twist cord. In the unstable portions, gaps are formed between the filaments and the 
rubber penetration is improved. 

Further, as the twist pitch length P1 of the core 3, the twist pitch length P2 of the inner sheath 5, and the twist pitch 
length P3 of the outer sheath 7 satisfy the above-mentioned limitation, the core filaments 2 and the inner and outer 
sheath filaments 4 and 6 in the cord have the almost same length, and the load is almost evenly shared and the breaking 
15 strength of the cord is further improved. 

If the twist pitch length difference is less than 1 .05 times, the stress distribution becomes uneven, and the cord 
breaking strength decreases. If more than 1 .50 times, it becomes difficult to fully control the occurrence of fretting, and 
the fatigue resistance is deteriorated. 

If the filament diameter of the core is larger than the filament diameter of the sheath and the filament diameter of 
20 the inner sheath is not equal to the filament diameter of the outer sheath, the cord weight per cord diameter increases. 

The cords 1 constructed as above are used to reinforce a tyre. The cords are laid parallel to each other and 
rubbered with topping rubber 11 to form a strip or sheet as shown in Fig.6 and used as a carcass layer, belt layer, bead 
filler or the like. 

25 *Test Examples 

Steel cords were made and tested as follows. The specifications thereof and test results are given in Table 1 and 
Table 2. 

30 1) Rubber penetration test 

First, a tyre was made using the test cords, and then the cords were taken out from the tyre together with the 
surrounding topping rubber. The cords and rubber were put in toluene for 48 hours, and the swelled topping rubber 
was removed. The cord is disassembled into the individual filaments, and the percentage of the rubber-coated area 
35 thereof to the total area was measured along about 5 cm length. Therefore, the higher the percentage, the better the 
rubber penetration. 

2) Pull-out resistance test 

40 This test was made as follows. 

First, a tyre was made, in which the test cords were embedded in parallel with each other as a reinforcing layer or 
ply, and then a test piece was taken out from the tyre. 

Here, the test piece is, as shown in Fig.7, a strip of topping rubber in which five parallel cords are disposed along 
the longitudinal direction. Therefore, the width thereof is substantially equal to five times the cord pitch. The length 
45 thereof is about 60 mm. Nothing protrudes from one end (the lower end in Fig.7). From the other end (the upper end), 
however, only one core which is of the central cord protrudes. The central cord was cut at 15 mm from the upper end. 

Holding the protruding core and the lower end of the test piece with an upper chuck and a lower chuck, a tensile 
force was applied therebetween and the force was gradually increased, as a result, when (1) the core was pulled out, 
(2) the core was cut, or (3) the topping rubber was broken between the target central cord and the adjacent cord, the 
50 tensile force was measured as the pull-out resistance. In each Table, the resistance is indicated by an index. The larger 
the index, the larger the pull-out resistance. 

3) Fatigue resistance test 

55 Heavy duty radial tyres of size 1 0.00R20 1 4PR were made using the test cords in the carcass. The test tyres were 

provided in the rear wheels of a 2-2D type truck and run for 1 50,000 kilometres. Then, the cords were taken from the 
tyre and inspected to evaluate the fretting into five ranks as follows. 
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Rank 1 : Fig. 8(A) - The surface of the filaments has a shallow fretting. 
Rank 2: Fig.8(B) - The fretting is under 1/4 of the filament thickness. 
Rank 3: Fig.8(C) - The fretting is about 1/4 of the filament thickness. 
Rank 4: Fig. 8(D) - The fretting is about 1/4 to 1/3 of the filament thickness. 
Rank 5: Fig.8(E) - The fretting is very deep and over 1/3 of the filament thickness. 

From the tests, it was confirmed that the example cords according to the invention were superior to the reference 
cords in the fatigue resistance, rubber penetration and core pull-out resistance although those cords were substantially 
the same section area. 
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Cord structure *1 

Filament dia. 
Core DC 
Sheath DS 
DC/DS 

Twist pitch 
Core PC 
Sheath PS 
PS/PC 

Cord strength 
Rubber penetration 
Pull-out resistance 
Fatigue resistance 
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Cord structure *1 

Filament dia. 
Core DC (mm) 
Inner sheath DS1 (mm) 
Outer sheath DS2 (mm) 

Twist pitch 
Core P1 (mm) 
Inner sheath P2 (mm) 
Outer sheath P3 (mm) 
P2/P1 
P3/P2 

Twist direction 

(core/in/out) 

Cord diameter (mm) 
Section area (sq.mm) 
Cord strength (kgf) 
Rubber penetration (%) 
Pull-out resistance 
Fatigue resistance 
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Claims 

1 . A tyre cord (1 ) comprising a core (3) and a first sheath (5), characterised by the core (3) consisting of three steel 
filaments (2) twisted together, the first sheath (5) consisting of seven to nine steel filaments (4) twisted around the 

5 core (3) in the same direction as the core twist, the twist pitch length of the first sheath (5) being in the range of 

from 1 .05 to 1 .50 times the twist pitch length of the core (3) and the diameter (DC) of the core filaments (2) being 
in the range of from 0.8 to 1 .0 times the diameter (DS) of the first sheath filaments (4). 

2. A tyre cord according to claim 1 , characterised by a second sheath (7) surrounding said first sheath (5), the second 
10 sheath (7) consisting of twelve to fifteen steel filaments (6) twisted around the first sheath (5) in the same direction 

as the core twist and the twist pitch length of the second sheath (7) being in the range of from 1 .05 to 1 .50 times 
the twist pitch length of the first sheath (7). 

3. A tyre cord according to claim 2, characterised in that the diameter (DC) of the core filaments is in the range of 
is from 0.8 to 1 .0 times the diameter (DSt ) of the first sheath filaments (4), and the diameter (DS1 ) of the first sheath 

filaments (4) is equal to the diameter (DS2) of the second sheath filaments (6). 

4. A tyre cord according to claim 1 , 2 or 3, characterised in that no wrapping wire is provided outside the outer sheath 
(4,7). 
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Fig 6 
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